Abstract. The increase of international illegal emigration has raise the need for forensic age estimation of foreigners without valid identification documents.
INTRODUCTION
In recent years has been worldwide increase in cross-border illegal migration to developed nations, due to a globalized economy, increasing third-world poverty and ongoing armed conflicts. These migratory movements unaccompanied minors without valid identification documents. In some occasions they do not know their age or are suspected of not reporting their correct age. In many cases these minors became involved in legal situations, both civil and criminal. The legal systems of each country typically define a certain age threshold that defines the transition from minor to adult. The medico-legal and social importance of determining the age of undocumented juvenile suspects is a question of great importance, whether it is in emigration cases or in legal age estimation in criminal proceedings.
The common used indicators to estimate age in living individuals are sexual maturation, dental and skeletal development. The first requires a medical examination and the latter an orthopantomogram and hand-wrist radiograph, respectively. These last two procedures being in the field of medicine also require statistical and computational procedures. The study of this indicators is not a new subject, see [1] , [2] , [3] , [4] and [5] , but research has only been carried out on one of the indicators individually in their own dimension.
The importance of determining the age of undocumented juveniles has led to the creation of groups of experts, such as the Study Group of Forensic Age Estimation of the German Association for Forensic Medicine, whose guidelines for age estimation of living individuals have guided forensic practice in several European countries.
In the European countries there are differences concerning the age limits that establish legal age, generally between the 13th and 21st year of life. [6] present and discuss a variety of methods, referring also that there is a wide agreement that physical inspection with determination of body measurements and signs of sexual maturation, radiograph examination of the hand, and the examination by a dentist are suitable. In the study, [6] , it is recognized: "all the procedures recommended should be use in combination, to increase the diagnostic accuracy and to improve the identification of any relevant development disorders", also "A difficulty that requires further investigation is the statistically proven range of scatter of the estimated age when different methods are combined. Although data on the combined use of bone maturation and dentition are available, there is a yet no reference study investigating the combined use of all features". Here this issue is revisited and the main objective is to discuss possible approaches to this important subject.
DENTAL AND SKELETAL COMBINED
To be able to have an overall age estimate of an individual it should be taken into account some aspects as age relevant variations derived by the use of reference studies in an individual case, like genetic and/or geographic origin, socioeconomic status and the potential effects of these factors or diseases that may affect the development of the individuals, and consequently its effect on age estimation.
An aspect of major importance is that still there is no scientific approach acceptable that makes use of a combination of methods for age estimation. In fact, there are studies on which data collected data on either dental and skeletal indicators, see [2, 7, 8] there is not yet a study where all the required features for a reference population have been combined.
One Initial Statistical Proposal
The use of tooth mineralization stages and bone fusion stages to estimate an individual biological age is not new and certainly maintains its actuality. From a statistical point of view, this is often approached as a regression, or sometimes a calibration, problem.
Having in mind that, in contrast to dental development, skeletal development is more affected by the environment conditions, consequently less precise in age determination, a first approach wishes to combine tooth mineralization and skeletal maturity to estimate biological age.
A bivariate model approach was developed, see [9] . The proposal included the use of the lower third molar and the hand-wrist radiograph information. Ideally, combining dental and skeletal age requires a sample of hand-wrist radiographs and orthopantomograms taken from the same set of individuals. Without available samples on those conditions the option was to use information, as correlation coefficient between the variables, from data published on the subject.
The approach that followed wished to combine information provided by the lower teeth (LT) and by the hand-wrist radiograph (HF), around the critical age of 16 years. A region of confidence was determined for the mean values of the variables μ LT and μ HF . Being human measurements, usually the normal distribution is the one assumed, the normal bivariate distribution. A region of confidence for the parameterμ = μ LT μ HF was given for all values such as:
with F (p,n−p;α) , the quartile 1 − α of the F-Snedecor distribution with p and n − p degrees of freedom, naturally n the number of observed individuals and p the number of variables considered.
The first results illustrated the method for the male group, covering the ages 15, 16 and 17 for the variables HF, the hand-wrist, and LT, the third molar, of each individual. With the certainty that the chosen options are not the ideal, but only a first attempt trying to combine different individuals indicators. Thus, dental and skeletal ages were not combined in one single age estimate but provide a visual aid to access the most likely age. From [1, 2, 3] it is known that certain ages, particularly 16 years, are better discriminated than others. For the critical ages the boundaries of the one-dimensional confidence intervals may provide critical information for the decision.
A Panel Data Approach Proposal
Panel data analysis is an increasingly popular form of longitudinal data analysis, particularly used in social and behavioral science research. A panel or longitudinal data is a data set of cross-section or group of people who are surveyed periodically over a given time span.
Panel data typically refer to data containing time series observations of a number of individuals. Thus, observations in panel data involve at least two dimensions; a cross-sectional dimension, indicated by subscript i, and a time series dimension, indicated by subscript t. A panel data set has multiple entities, each of which has repeated measurements at different time periods. Consequently, a panel data set may have individual -group -effect, time effect, or both, which are analyzed by fixed effect and/or random effect models.
According to [10] , "Panel data give more informative data, more variability, less collinearity among the variables, more degrees of freedom and more efficiency". Panel data models are certainly interesting since they offer ways of dealing with heterogeneity and examine fixed and/or random effects in the longitudinal data.
Though, panel data needs to be carefully used. As pointed by [11] "A common misunderstanding is that fixed and/or random effect models should always be employed whenever your data are arranged in the panel data format. The problems of panel data modeling, by and large, come from 1) panel data themselves, 2) modeling process, and 3) interpretation and presentation of the result. Some studies analyze poorly organized panel data (in fact, they are not longitudinal in a strong econometric sense) and some others mechanically apply fixed and/or random effect models in haste without consideration of relevance of such models. Careless researchers often fail to interpret the results correctly and to present them appropriately". 
Fixed versus Random Effects
Panel data models study fixed and/or random effects of individual or time. The central difference between fixed and random effect models is based on the role of dummy variables. In a fixed effect model a parameter estimate of a dummy variable is a part of the intercept, while it is an error component in a random effect model. The slopes remain the same across group or time period in either fixed or random effect model. The functional forms of one-way fixed and random effect models are:
Fixed effect model:
where μ i is a fixed or random effect specific to individual -group -or time period that is not included in the regression, and errors are independent identically distributed,ν it IID N ∩ (0, σ 2 ν ). The fixed effect model examines individual differences in intercepts, assuming the same slopes and constant variance across individual -group and entity. Since an individual specific effect is time invariant and considered a part of the intercept, μ i is allowed to be correlated with other regressors.
The random effect model assumes that individual effect -heterogeneity -is not correlated with any regressor and then estimates error variance specific to groups. Therefore, μ i is an individual specific random heterogeneity or a component of the composite error term. This is why a random effect model is also called an error component model. The intercept and slopes of regressors are the same across individual. And so the difference between individuals is based in their individual specific errors, not in their intercepts.
SOME VERY PRELIMINARY RESULTS
After realizing the important limitations that forensic age estimation faces, the possibility of having a set of longitudinal data available gave the opportunity to address some of the issues and provided a new a new vision to our research.
The data shown here will provide the basis for some discussion of the results in a data set of boys who were observed annually during 9 years and for which it was possible to collect several skeletal and dental age predictions. Specifically, for 25 boys between the ages of 7 and 15 several radiographs of the hand and wrist as well as orthopantograms were taken, where from where bone and dental age indicators were obtained.
With this data, the main objective is to develop a model that can be used to determine if a boy is under or over a certain age, say 16 years 1 , considering his observed values for the most informative bone and dental indicators. In Table 1 the variables of interest were recoded. Variables A, D and E describe identification and individual stature, respectively. Variables F, G, H, I describe variables for the skeletal maturation index and W and X for the dental maturation index. The remaining variables are other skeletal or dental measures. The choice of using these variables is based on the literature.
To define and decide for a model that uses the most informative variables and to compare the models with the individual measurements versus the models that use the index is one of the goals in this work 2 . In an exploratory analysis of the data it was noticed that the variance of weight shows an increase with increasing age, the remaining variables on the contrary exhibit a slight decrease with increasing age.
Some models were essayed for the variable combinations that are considered the more adequate. One of the models obtained, and which fitted quite well is presented in figure 1 .
Other possible models that also performed well were the one with Height, TW2_Score and Dermijian_score and the one with Height, TW2_Age, RUS_Age and Dermijian_Age. In this preliminary results the option was to use
FIGURE 1. One Model Stata output the random effect model with the maximum likelihood estimation, which allows the likelihood ratio test to examine random effect. As it can be observed, the hypothesis that individual-specific effect or time specific error variance are zero (null hypothesis H 0 : σ 2 μ = 0) is rejected. The label rho represents the ratio of individual specific error variance to the total error variance, thus 0.8788448 = 0.7884565 2 0.7884565 2 +0.2927472 2 . A large ratio means that individual specific errors account for large proportion of the composite error variance. In the case the individual specific error can explain 87 percent of the entire error variance, and can be interpreted as a goodness-of-fit of random effect model.
Two other models with the index were essayed and also performed well. The model with variables D, F and W, as well as the model with variables D, H, I and X are possible alternative models. In future work it is important to think about the biological mean of these three models. And to try other variables combination to be possible to choose the better.
